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Alphabetical list of participants by institution 

 
Bolded = site PI/co-PIs); site co-Is are listed alphabetically by last name 

 

Keith Stockerl-Goldstein, MD; Ryan Monahan, MBA; Alice Y. Zhou, MD, PhD (Alvin J. Siteman Cancer Center 

at Washington University School of Medicine and Barnes-Jewish Hospital, St. Louis, MO, USA) 

Balazs Halmos, MD; Amit K. Verma, MBBS (Albert Einstein Cancer Center at Albert Einstein College of 

Medicine, Bronx, NY, USA) 

Michael A. Thompson, MD, PhD, FASCO (Aurora Cancer Care, Advocate Aurora Health, Milwaukee, WI, USA) 

Philip E. Lammers, MD, MSCI (Baptist Cancer Center, Memphis, TN, USA) 

Susan Yackzan, PhD, APRN, AOCN (Baptist Healthcare System, IN/KY, USA) 

Sanjay G. Revankar, MD, FIDSA (The Barbara Ann Karmanos Cancer Institute at Wayne State University School 

of Medicine, Detroit, MI, USA) 

Wenxin (Vincent) Xu, MD (Beth Israel Deaconess Medical Center, Boston, MA, USA) 

Orestis A. Panagiotou, MD, PhD; Pamela C. Egan, MD; Dimitrios Farmakiotis, MD; Hina Khan, MD; Adam J. 

Olszewski, MD (Brown University and Lifespan Cancer Institute, Providence, RI, USA) 

Arturo Loaiza-Bonilla, MD, MSEd, FACP (Cancer Treatment Centers of America, AZ/GA/IL/OK/PA, USA) 

Salvatore A. Del Prete, MD; Anne H. Angevine, MD; Michael H. Bar, MD, FACP; Anthony P. Gulati, MD; K. M. 

Steve Lo, MD; Jamie Stratton, MD; Paul L. Weinstein, MD (Carl & Dorothy Bennett Cancer Center at Stamford 

Hospital, Stamford, CT, USA) 

John M. Nakayama, MD; Jill Barnholtz-Sloan, PhD; Paolo Caimi, MD; Jorge Garcia, MD (Case Comprehensive 

Cancer Center at Case Western Reserve University/University Hospitals, Cleveland, OH, USA) 

Bertrand Routy, MD, PhD (Centre Hospitalier de l'Université de Montréal, Montreal, Canada) 

Paul Fu, Jr., MD, MPH, FAAP, FAMIA; Geoffrey Shouse, DO, PhD; Jack West, MD (City of Hope 

Comprehensive Cancer Center, Duarte, CA, USA) 

Shilpa Gupta, MD; Nathan A. Pennell, MD, PhD, FASCO; Christopher A. Lemmon, MD (Cleveland Clinic, 

Cleveland, OH, USA) 

Ang Li, MD, MS (Dan L Duncan Comprehensive Cancer Center at Baylor College of Medicine, Houston, TX, 

USA) 

Toni K. Choueiri, MD; Ziad El Bakouny, MD, MSc; Gabrielle Bouchard, BS; Fiona Busser, BA; Catherine 

Curran, BA; George D. Demetri, MD, FASCO; Kaitlin Kelleher, BA; Pier Vitale Nuzzo, MD, PhD; Andrew 

Schmidt, MD; Grace Shaw, BA; Jack (John) Steinharter, MS; Eli Van Allen, MD (Dana-Farber Cancer Institute, 

Boston, MA, USA) 

Tian Zhang, MD, MHS (Duke Cancer Institute at Duke University Medical Center, Durham, NC, USA) 

John C. Leighton Jr, MD, FACP (Einstein Healthcare Network, Philadelphia, PA, USA) 

Andrea J. Zimmer, MD (Fred and Pamela Buffett Cancer Center at Nebraska Medicine and the University of 

Nebraska Medical Center, Omaha, NE, USA) 

Gary H. Lyman, MD, MPH, FASCO, FRCP; Petros Grivas, MD, PhD; Ali Raza Khaki, MD; Albert Yeh, MD 

(Fred Hutchinson Cancer Research Center/University of Washington/Seattle Cancer Care Alliance, Seattle, WA, 

USA) 

Lori Rosenstein, MD (Gundersen Health System, WI, USA) 

Peter P. Yu, MD, FASCO; Jessica M. Clement, MD; Ahmad Daher, MD; Mark Dailey, MD; Rawad Elias, MD; 

Emily Hsu, MD; Alvaro Menendez, MD; Joerg Rathmann, MD; Oscar Serrano, MD (Hartford HealthCare Cancer 

Institute, Hartford, CT, USA) 
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Jessica Hawley, MD; Dawn Hershman, MD, MS, FASCO (Herbert Irving Comprehensive Cancer Center at 

Columbia University, New York, NY, USA)  

Antonio Giordano, MD, PhD; Sara Matar, MD; Sarah Mushtaq, MD (Hollings Cancer Center at the Medical 

University of South Carolina, Charleston, SC, USA) 

Eric H. Bernicker, MD (Houston Methodist Cancer Center, Houston, TX, USA) 

Heloisa P. Soares, MD, PhD; Neeraj Agarwal, MD (Huntsman Cancer Institute at the University of Utah, Salt Lake 

City, UT, USA) 

John Deeken, MD (Inova Schar Cancer Institute, Fairfax, VA, USA) 

Mark A. Lewis, MD; Terence D. Rhodes, MD; David M. Gill, MD; Clarke A. Low, MD (Intermountain Health 

Care, Salt Lake City, UT, USA) 

Sandeep H. Mashru, MD; Abdul-Hai Mansoor, MD (Kaiser Permanente Northwest, OR/WA, USA) 

Sarah Nagle, MD; Shannon McWeeney, PhD; Eneida R. Nemecek, MD, MS, MBA (Knight Cancer Institute at 

Oregon Health and Science University, Portland, OR, USA) 

Paul E. Oberstein, MD (Laura and Isaac Perlmutter Cancer Center at NYU Langone Health, New York, NY, USA) 

Gayathri Nagaraj, MD (Loma Linda University Cancer Center, Loma Linda, CA, USA) 

Stephanie Berg, DO (Loyola University Medical Center, Maywood, IL, USA) 

Suki Subbiah, MD (LSU Health Sciences Center - New Orleans, New Orleans, LA, USA) 

Amit A. Kulkarni, MD; Heather H. Nelson, PhD, MPH (Masonic Cancer Center at the University of Minnesota, 

Minneapolis, MN, USA) 

Rachel P. Rosovsky, MD; Kerry Reynolds, MD; Aditya Bardia, MD; Genevieve Boland, MD, PhD, FACS; Justin 

Gainor, MD; Leyre Zubiri, MD, PhD (Massachusetts General Hospital Cancer Center, Boston, MA, USA) 

Thorvardur R. Halfdanarson, MD; Tanios Bekaii-Saab, MD; Zhuoer Xie, MD, MS (Mayo Clinic, AZ/FL/MN, 

USA) 

Ruben A. Mesa, MD, FACP; Mark Bonnen, MD; Daruka Mahadevan, MD, PhD; Amelie Ramirez, DrPH, MPH; 

Mary Salazar, ANP; Dimpy Shah, MD, PhD (Mays Cancer Center at UT Health San Antonio MD Anderson Cancer 

Center, San Antonio, TX, USA)  

Nathaniel Bouganim, MD, FRCP(C); Arielle Elkrief, MD, FRCP(C); Donald C. Vinh, MD, FRCP(C) (McGill 

University Health Centre, Montreal, Canada) 

Gregory J. Riely, MD, PhD; Elizabeth V. Robilotti MD, MPH; Rimma Belenkaya MA, MS; John Philip, MS 

(Memorial Sloan-Kettering Cancer Center, New York, NY) 

Rulla Tamimi, MS (Meyer Cancer Center at Weill Cornell Medicine, New York, NY, USA) 

Bryan Faller, MD (Missouri Baptist Medical Center, St. Louis, MO, USA) 

Rohit K. Jain, MD, MPH (Moffitt Cancer Center, Tampa, FL, USA) 

Rana R. McKay, MD; Archana Ajmera, MSN, ANP-BC, AOCNP; Angelo Cabal, BS; Justin A. Shaya, MD 

(Moores Comprehensive Cancer Center at the University of California, San Diego, La Jolla, CA, USA) 

Lisa B. Weissmann, MD (Mount Auburn Hospital, Cambridge, MA, USA) 

Jeanna Knoble, MD; (Mary) Grace Glace, RN; Cameron Rink, PhD, MBA; Karen Stauffer, RN; Rosemary Zacks, 

RN (Mount Carmel Health System, Columbus, OH, USA) 

M. Wasif Saif, MD (Northwell Health Cancer Institute, Zucker School of Medicine and Feinstein Institutes, 

Manhasset, NY, USA) 

Daniel G. Stover, MD; James L. Chen, MD; Maryam B. Lustberg, MD, MPH; Sarah Wall, MD (The Ohio State 

University Comprehensive Cancer Center, Columbus, OH, USA) 
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Monika Joshi, MD, MRCP; Harry Menon, DO, MPH; Marc A. Rovito, MD, FACP (Penn State Health/Penn 

State Cancer Institute/St. Joseph Cancer Center, PA, USA) 

Alicia K. Morgans, MD, MPH; Firas Wehbe, MD, PhD; Jessica Altman, MD; Michael Gurley, BA; Mary F. 

Mulcahy, MD (Robert H. Lurie Comprehensive Cancer Center at Northwestern University, Chicago, IL, USA) 

Elizabeth A. Griffiths, MD (Roswell Park Comprehensive Cancer Center, Buffalo, NY, USA) 

Janice M. Mehnert, MD; Salma Jabbour, MD; Mansi Shah, MD (Rutgers Cancer Institute of New Jersey at 

Rutgers Biomedical and Health Sciences, New Brunswick, NJ, USA) 

Gerald Batist, MD, FACP, FRCP(C); Erin Cook, MSN (Segal Cancer Centre, Jewish General Hospital, McGill 

University, Montreal, Canada) 

Christopher McNair, PhD; Babar Bashir, MD, MS (Sidney Kimmel Cancer Center at Thomas Jefferson 

University, Philadelphia, PA, USA) 

Catherine Handy Marshall, MD, MPH; Nilo Azad, MD; Marcus Messmer, MD; Jarushka Naidoo, MBBCh 

(Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins University, Baltimore, MD, USA) 

Amit Sanyal, MD (SSM Health Cancer Care, St. Charles, MO, USA) 

Sumit A. Shah, MD, MPH; Michael J. Glover, MD; Alokkumar Jha, PhD; Lidia Schapira, MD, FASCO; Julie T. 

Y. Wu, MD, PhD (Stanford Cancer Institute at Stanford University, Palo Alto, CA, USA) 

Daniel Flora, MD; Barbara Logan, MS (St. Elizabeth Healthcare, Edgewood, KY, USA) 

Gilberto de Lima Lopes Jr., MD, MBA, FAMS, FASCO (Sylvester Comprehensive Cancer Center at the 

University of Miami Miller School of Medicine, Miami, FL, USA) 

Matthias Weiss, MD, PhD (ThedaCare Cancer Care, Appleton, WI, USA) 

David Chism, MD; Susie Owenby, RN, CCRP (Thompson Cancer Survival Center, Knoxville, TN, USA) 

Deborah B. Doroshow, MD, PhD; Matthew D. Galsky, MD (Tisch Cancer Institute at the Icahn School of 

Medicine at Mount Sinai, New York, NY, USA) 

Julie Fu, MD (Tufts Medical Center Cancer Center, Boston, MA, USA)  

Jonathan Riess, MD, MS (UC Davis Comprehensive Cancer Center at the University of California at Davis, CA, 

USA) 

Vadim S. Koshkin, MD (UCSF Helen Diller Family Comprehensive Cancer Center at the University of California 

at San Francisco, CA, USA) 

William A. Wood, MD, MPH (UNC Lineberger Comprehensive Cancer Center, Chapel Hill, NC, USA) 

Christine Bestvina, MD; Ardaman Shergill, MD (The University of Chicago Comprehensive Cancer Center, 

Chicago, IL, USA) 

Trisha Wise-Draper, MD, PhD; Syed Ahmad, MD; Shuchi Gulati, MD; Jordan Kharofa, MD; Michelle Marcum, 

MS (University of Cincinnati Cancer Center, Cincinnati, OH, USA) 

Daniel W. Bowles, MD; Maheen Abidi, MD (University of Colorado Cancer Center, Aurora, CO, USA) 

Pramod K. Srivastava, MD, PhD; Aakash Desai, MD, MPH (University of Connecticut, Farmington, CT, USA) 

Merry-Jennifer Markham, MD, FACP, FASCO; Rohit Bishnoi, MD; Chintan Shah, MD (University of Florida 

Health Cancer Center, Gainseville, FL, USA) 

Jared D. Acoba, MD; Young Soo Rho, MD, CM (University of Hawai’i Cancer Center, Honolulu, HI, USA) 

Lawrence E. Feldman, MD; Kent Hoskins, MD; Ryan Nguyen, MD; Mary Madeline Pasquinelli, APN, DNP; 

Candice Schwartz, MD; Neeta Venepalli, MD (University of Illinois at Chicago, Chicago, IL, USA) 

Praveen Vikas, MD (University of Iowa Holden Comprehensive Cancer Center, Iowa City, IA, USA) 
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Elizabeth Wulff-Burchfield, MD; Anup Kasi, MD, MPH (The University of Kansas Cancer Center, Kansas City, 

KS, USA) 

Saurabh Dahiya, MBBS, FACP (University of Maryland Marlene and Stewart Greenebaum Comprehensive 

Cancer Center, Baltimore, MD, USA) 

Christopher R. Friese, PhD, RN, AOCN, FAAN; Leslie A. Fecher, MD (University of Michigan Rogel Cancer 

Center, Ann Arbor, MI, USA) 

Carla Casulo, MD (University of Rochester Medical Center, Rochester, NY, USA) 

Andy Futreal, BS, PhD; Vivek Subbiah, MD; Vikram Narayan, MD; Sabitha Prabhakaran, PhD; Sanjay S. Shete, 

PhD; Nizar M. Tannir, MD, FACP (The University of Texas MD Anderson Cancer Center, Houston, TX, USA) 

Narjust Duma, MD (University of Wisconsin Carbone Cancer Center, Madison, WI, USA) 

Jeremy L. Warner, MD, MS, FAMIA, FASCO; Erin A. Gillaspie, MD, MPH; Douglas B. Johnson, MD, MSCI; 

Xuanyi Li, BA; Sanjay Mishra, MS, PhD; Brian I. Rini, MD, FACP, FASCO; Samuel M. Rubinstein, MD; Yu Shyr, 

PhD; Carmen C. Solorzano, MD, FACS; Karen Vega-Luna (Vanderbilt University Medical Center/Vanderbilt-

Ingram Cancer Center, Nashville, TN, USA) 

Matthew Puc, MD; Theresa Carducci, MSN, RN, CCRP; Sandy DiLullo, BSN, RN, CCRP; Susan Van Loon, RN, 

CTR, CCRP (Virtua Health, NJ, USA) 

Umit Topaloglu, PhD, FAMIA (Wake Forest Baptist Comprehensive Cancer Center, Winston-Salem, NC, USA) 

Robert L. Rice, MD, PhD (WellSpan, York, PA, USA) 

Axel Grothey, MD (West Cancer Center, Memphis, TN, USA) 

Prakash Peddi, MD; Briana Barrow, BSc, CCRC; Lane Rosen, MD (Willis-Knighton Cancer Center, Shreveport, 

LA, USA) 

Mehmet Asim Bilen, MD (Winship Cancer Institute of Emory University, Atlanta, GA, USA) 

Navid Hafez, MD, MPH; Roy Herbst, MD, PhD; Patricia LoRusso, DO, PhD; Tyler Masters, MS; Catherine 

Stratton, BA (Yale Cancer Center at Yale University School of Medicine, New Haven, CT, USA) 
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Statistical Analysis Plan 

 
This is the statistical analysis plan for the first analysis of CCC19 registry data. 

Version History 

Version 1.2 (April 25, 2020) 

Multiple imputation and allowance for exploratory analyses added 

Version 1.1 (April 23, 2020) 

Changes: obesity and morbid obesity collapsed into one factor 

Version 1.0 (April 18, 2020) 

Condition or disease: COVID-19 and Cancer 

Study Design 

Study Type:    Observational Retrospective Chart Review 

Data Entry Start Date:  March 17, 2020 

Data Entry Complete Date: April 16, 2020  

Sampling method:  Convenient Non-Probability sampling 

Groups and Cohort 

Primary Group 

Adult cancer survivors 

Subgroups  

Laboratory-confirmed COVID-19 cases 

Presumptive cases 

Outcome Measures 

 

Primary Outcome Measures: 

1. All-cause mortality [Time Frame: within 30 days post COVID-19 diagnosis] 

Secondary Outcome Measures:  

1. Severe Outcomes – Composite outcome of hospitalized with severe illness/mechanical ventilation /death 

[Time Frame: within 30 days post COVID-19 diagnosis] 

2. Hospitalization during course of COVID-19 illness 

3. ICU admission during course of COVID-19 illness 

4. Mechanical ventilator use during course of COVID-19 illness 

5. Need for supplemental oxygen during course of COVID-19 illness 

Eligibility Criteria 

 

Inclusion: 

All 3 baseline forms (Demographics, Cancer, COVID-19) completed in REDCap. 

Exclusion: 

- Age <18 years  

- Non-invasive cancers and premalignant conditions 

- Non-melanoma skin cancers (e.g. BCC, SCC) 

- No laboratory confirmation of COVID-19 (allowed in descriptive analyses) 

- Regions outside U.S., Canada, Spain 
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Missingness 

Multiple imputation will be used for categorial variables with a 10% rate of missingness. Categorical variables 

with a >10% rate of missingness will be discarded from the model. 

Analyses 

After checking for the accuracy, integrity, and distribution of the data, all characteristics and outcomes will be 

presented using descriptive statistics. We will provide the mean and standard deviation (SD) for normally distributed 

data and the median and interquartile range (IQR) for asymmetrically distributed data. Counts and percentages will 

be used to describe the binary and categorical variables. All analyses were performed using R software version 3.6.3 

(R Foundation, Vienna, Austria). 

The subsections below will describe analyses in addition to the descriptive statistics. 

Primary outcome 

Null hypothesis: demographic, clinical, biochemical, underlying cancer, and COVID-therapy related variables are 

not associated with 30-day mortality  

Alternative hypothesis: demographic, clinical, biochemical, underlying cancer, and COVID-therapy related 

variables are associated with 30-day mortality 

 

Data Analysis Plan for the Primary Endpoint: All-cause mortality [Time Frame: within 30 days post COVID-

19 diagnosis] 

 

Univariate Analysis Plan for Primary Endpoint 

Due to privacy restrictions, dates of COVID-19 diagnosis were collected using intervals (e.g., “diagnosed 2 to 4 

weeks ago”). We will use interval-censored time-to-event analysis to analyze the data. For all-cause mortality data 

analyses, the overall survival time will be estimated using the bootstrap based Kaplan-Meier method with 95% 

confidence interval (CI). The bootstrap based Rothman CI, which is based on Greenwood’s variance, Thomas and 

Grunkemeier CI, and the simultaneous confidence bands by Nair and Hall and Wellner, will also be reported. The 

bootstrap based log-rank test will be used to compare the equality of the survival curves. 

 

Multivariable Data Analysis Plan for Primary Endpoint 

The strategy used for developing interval-censored Cox proportional hazards (PH) models will involve the following 

steps: (1) Evaluate the proportional hazards assumptions by a graphical method using a transformation of survival 

curves; (2) Decide on the allowable complexity of the model (i.e., the number of covariates) based on the effective 

sample size available; (3) Incorporate pre-specified interactions; The adjusted p-values as well as the adjusted 95% 

confidence intervals from the interval-censored Cox PH model will be reported. 

Sample Size Justification and Precision Analyses 

The sample size justification is completed using the computer simulation method for interval-censored data. We 

assume the survival curve in this study follows the exponential distribution with ≈ 10% loss to follow-up within 30 

days. We simulated 2,000 times for each condition. With the proposed sample size, i.e., 920 – 1,000, the half-width 

of the 95% bootstrap-based Greenwood’s Confidence Interval (CI) is less than 2·5%. Therefore, the precision of the 

overall 30-day mortality of this study is excellent. 

A Priori Variables of Interest  

In no order of importance: 

Possibly include in multivariable model (reference factor is bolded) 

i. Age  

ii. Sex (M, F) 

iii. Race/Ethnicity combined (Non-Hispanic white, Non-Hispanic black, Hispanic, Other) 
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iv. Number of major comorbidities (0, 1, 2, 3, 4+)  

v. ECOG performance status (0-1, 2, 3/4, unknown) 

vi. Tumor type (solid, heme, multiple, unknown) 

vii. Active cancer therapy within 4 weeks prior to COVID diagnosis (no, active cytotoxic, active non-

cytotoxic, active unknown) 

viii. Surgery within 4 weeks prior to COVID diagnosis (yes, no, unknown) 

ix. Cancer status at the time of COVID diagnosis (remission/NED, active non-progressing, active 

progressing, status unknown) 

x. Anti-COVID-19 therapy (hydroxychloroquine alone, azithromycin alone, both, neither)  

xi. Smoking (never, former, current, unknown) 

xii. Obesity (not specified, obese, morbidly obese) 

xiii. Regions (U.S. Region 1 [Northeast], Region 2 [Midwest], Region 3 [South], Region 4 [West], Canada, 

Spain) 

Specific Interactions 

1. Age*comorbidities 

2. Race/Ethnicity*Obesity 

Secondary Outcomes 

Only presented as descriptive statistics. Hypothesis testing statistical tests will not be conducted. 

Appendix 

1. REDCap data dictionary (Supplementary Table S1) 

2. Derived variables (Supplementary Table S2) 

Additional Considerations 

Ordinal Scale defined as: Death; Hospitalized on invasive mechanical ventilation or ECMO (extracorporeal 

membrane oxygenation); Hospitalized on non-invasive ventilation or high flow nasal cannula; Hospitalized on 

supplemental oxygen; Hospitalized not on supplemental oxygen; Not hospitalized with limitation in activity 

(continued symptoms); Not hospitalized without limitation in activity (no symptoms) was considered but will not be 

evaluated in this current study. Incomplete follow-up for more than half of the cohort and low sample sizes for 

multiple categories were the primary reasons to not evaluate this scale which would lead to high degree of 

variability in outcome scoring. 

Data-driven multivariable modeling with allowance for nonlinear predictor effects using regression splines, 

adjustment of variance-covariance matrix for multiple imputation, assessment of the clinical utility (discrimination 

ability) of the model, internal validation of the calibration and discrimination of the model using bootstrap 

approaches to estimate the model's likely performance on a new set of samples and application of the elastic net 

regularized survival analysis to examine the shrinkage of the coefficients were considered. However, given the early 

follow-up of this report and the still limited amount of degrees of freedom for a multivariable analysis, we favored 

the primary approach of a very focused previously proposed hypothesis-driven multivariable model with selected a 

priori pre-specified variables and interaction terms with known prior clinical and biological significance. Data-

driven methods were considered for exploratory analyses. 
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Post-hoc Power Analysis 

 
A post-hoc power analysis based on 2,000 computer simulations with 80% power and a two-sided type I error of 5% 

was conducted to evaluate the effect size of odds ratio (OR) in the logistic regression model. Based on the observed 

data, i.e., Surgery (No: 108 deaths out of 811 study subjects, Yes: 6 deaths out of 32 study subjects, Unknown: 4 

deaths out of 42 study subjects). With a sample size of 885 (No = 811, Yes = 32, and Unknown = 42), the estimated 

odds ratios are 3.14 and 2.87 for Yes vs. No and Unknown vs. No, respectively. Similarly, for Type of anti-cancer 

therapy (None: 75 deaths out of 553 study subjects, Cytotoxic: 22 deaths out of 160 study subjects, Non-cytotoxic: 

23 deaths out of 206 study subjects, Unknown: 1 deaths out of 9 study subjects), with a sample size of 928 (None = 

553, Cytotoxic = 160, Non-cytotoxic = 206, and Unknown = 9), the estimated odds ratios are 0.40 or 1.89 for 

Cytotoxic vs. None and 0.44 or 1.82 for Non-cytotoxic vs. None. Therefore, based on the post-hoc power analysis, 

the effect sizes are reasonable and clinically meaningful. 
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Supplementary Figure S1: CONSORT diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Total surveys submitted 

(n=1035) 

Cohort after exclusions 

(n=1013) 

 

 

 

 

Included in analyses 

(n=928) 

Excluded (n=22) 

• In-situ cancer (n=15) 

• Not an eligible cancer type1 (n=5) 

• Age < 18 (n=1) 

• Residence outside US/Canada/Spain (n=1) 

Excluded (n=85) 

• Non-laboratory-confirmed COVID-19 (n=84) 

• False-positive SARS-CoV-2 assay (n=1) 
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Supplementary Figure S2: Symptoms occurring in more than 5% of patients plus asymptomatic cases. 
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Supplementary Figure S3: Outcomes as function of primary cancer type. 
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Supplementary Figure S4: Forest plot of factors associated with composite of severe illness. Severe illness is 

defined as death, severe illness requiring hospitalization, intensive care unit admission, and/or mechanical 

ventilation. 

 
 

  

Age
Sex
Female
Male
Race/Ethnicity
Non−Hispanic white 
Non−Hispanic black 
Hispanic
Other/Unknown
Region of patient residence  
US−Northeast
US−Midwest
US−South
US−West
Canada
Spain
Smoking status
Never smoked
Former smoker
Current smoker
Unknown 
Obesity
Not specified
Obese
No. of comorbidities
Zero
One
Two
Three
Four+
Unknown  
Type of malignancy
Solid Tumor
Hematologic Malignancy
Multiple cancers
Cancer status
Remission/NED
Present, stable or responding to treatment  
Present, progressing on treatment
Unknown
ECOG performance status
0/1
2
3/4
Unknown
Type of anti−cancer therapy
None within 4 weeks of COVID-19 diagnosis
Non−cytotoxic therapy
Cytotoxic systemic therapy
Unknown
Recent surgery
No recent surgery
Surgery within 4 weeks of COVID−19 diagnosis  
Unknown   
Treatment for COVID−19
Hydroxychloroquine alone
Azithromycin alone
Both
Neither
Unknown

 0.016  0.031  0.062  0.125  0.250  0.500  1.00  2.00  4.00  8.00 16.00 32.00 64.00
Adjusted Odds Ratio
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Supplementary Table S1: Data elements in the CCC19 data collection form. Note that the survey contains 

extensive branching logic; not every patient will have every one of these elements completed. ABNL: abnormal 

(outside normal reference range); ATC: Anatomical Therapeutic Classification; HI: above normal reference range; 

LO: below normal reference range; N: No; NA: not applicable; NAACCR: North American Association of Central 

Cancer Registries; NCIT: National Cancer Institute Thesaurus; OMOP: Observational Medical Outcomes 

Partnership Data Model; PHIN VADS: Public Health Information Network Vocabulary Access and Distribution 

System; SNOMED-CT: Systematized Nomenclature of Medicine, Clinical Terms; UNK: Unknown; WNL: within 

normal limits; Y: Yes 

 
Variable Name Description Value Set or Terminology Category 

aspirin_dose 
 

SNOMED-CT Baseline clinical details 

bl_anticoag_reason Why anticoagulation at baseline? SNOMED-CT Baseline clinical details 

bl_anticoag_type Anticoagulation at baseline? ATC Baseline clinical details 

blood_type ABO blood type Direct coding + UNK Baseline clinical details 

blood_type_rh Rh blood type Direct coding + UNK Baseline clinical details 

comorbid_no number of comorbidities Integer + UNK Baseline clinical details 

concomitant_meds Medications being taken at presentation ATC Baseline clinical details 

ecog_status 
 

Direct coding + UNK Baseline clinical details 

gcsf G-CSF within 2 weeks of diagnosis? Y/N/UNK Baseline clinical details 

influenza_vax Seasonal flu vaccine? Y/N/UNK Baseline clinical details 

o2_requirement Baseline supplemental oxygen 

requirement? 

Y/N/UNK Baseline clinical details 

recent_surgery 
 

Y/N/UNK Baseline clinical details 

significant_comorbidities 
 

SNOMED-CT Baseline clinical details 

smoking_product Type of tobacco product SNOMED-CT Baseline clinical details 

smoking_status 
 

Custom Baseline clinical details 

steroid_specific_2 Steroid dosing Custom Baseline clinical details 

surgery_timing 
 

Custom Baseline clinical details 

cancer_status 
 

Custom Cancer details 

cancer_timing 
 

Custom Cancer details 

cancer_type Primary malignancy type NCIT Cancer details 

cancer_type_2 2nd malignancy type (if applicable) NCIT Cancer details 

clinical_trial On a cancer clinical trial? Y/N/UNK Cancer details 

hx_treatment Timing of cancer treatment Custom Cancer details 

intravesicular_bcg 
 

Y/N/UNK Cancer details 

irae_past History of immune-related adverse 

(irAE) event? 

Y/N/UNK Cancer details 

multiple_ca Multiple malignancies? Y/N/UNK Cancer details 

on_treatment On recent cancer treatment Y/N/UNK Cancer details 

other_irae Other immune-related adverse event? Y/N/UNK Cancer details 

pneumonitis Concurrent irAE pneumonitis? Custom Cancer details 

prior_tx prior lung-toxic therapy? HemOnc Cancer details 

radiotherapy Lung-directed radiation in the past? Y/N/UNK Cancer details 
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Variable Name Description Value Set or Terminology Category 

recent_treatment Most recent anti-cancer treatment Custom Cancer details 

stage Cancer stage NAACCR Cancer details 

transplant_cellular_therapy  Custom Cancer details 

transplant_cellular_timing  Custom Cancer details 

treatment_context 
 

HemOnc Cancer details 

treatment_intent 
 

Custom Cancer details 

treatment_modality 
 

HemOnc Cancer details 

what_immunotherapy 
 

HemOnc Cancer details 

berlin_2 Berlin criteria if ARDS Direct coding + UNK COVID-19 details 

berlin_yn Berlin criteria collected? Y/N/UNK COVID-19 details 

c19_anticoag_reason Purpose of anticoagulation Custom COVID-19 details 

c19_anticoag_type Type of anticoagulant used ATC COVID-19 details 

c19_aspirin_dose 
 

SNOMED-CT COVID-19 details 

c19_bleeding 
 

SNOMED-CT-modified COVID-19 details 

c19_complications_card Cardiac complications SNOMED-CT COVID-19 details 

c19_complications_gi Gastrointestinal complications SNOMED-CT COVID-19 details 

c19_complications_other 
 

SNOMED-CT COVID-19 details 

c19_complications_pulm Pulmonary complications SNOMED-CT COVID-19 details 

c19_complications_systemic SNOMED-CT COVID-19 details 

coinfection 
 

SNOMED-CT COVID-19 details 

coinfection_yn 
 

Y/N/UNK COVID-19 details 

complications_severity 
 

Custom COVID-19 details 

covid_19_diagnosis How was diagnosis of COVID-19 made? Custom COVID-19 details 

covid_19_dx_interval Time since COVID-19 diagnosis Custom COVID-19 details 

covid_19_treatment 
 

ATC/HemOnc/OMOP/RxNorm COVID-19 details 

covid_19_treatment_trial Any COVID-19 treatment on trial? Y/N/UNK COVID-19 details 

covid_19_trial_tx Treatment(s) on trial ATC/HemOnc/OMOP/RxNorm COVID-19 details 

covid_19_tx_interleukin Anti-interleukin treatments ATC COVID-19 details 

covid_19_tx_tnf TNF-alpha treatments ATC COVID-19 details 

current_status ADT status Custom COVID-19 details 

current_status_clinical Clinical status Custom COVID-19 details 

current_status_retro Clinical status Custom COVID-19 details 

current_status_v2 Clinical status Custom COVID-19 details 

days_to_death 
 

Integer COVID-19 details 

dx_year year of COVID-19 diagnosis Integer COVID-19 details 

hosp_los Floor length of stay (LOS) Integer, days COVID-19 details 

hosp_los_2 Floor LOS if transferred to ICU Integer, days COVID-19 details 

hosp_status 
 

Custom COVID-19 details 
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Variable Name Description Value Set or Terminology Category 

icu_los ICU length of stay Integer, days COVID-19 details 

mortality 30-day mortality status Y/N/NA/UNK COVID-19 details 

neg_test was initial COVID-19 test negative Y/N/UNK COVID-19 details 

o2_policy Policy on intubation? Y/N/UNK COVID-19 details 

o2_requirement_c19 Supplemental O2 needed? Y/N/UNK COVID-19 details 

prbc PRBC transfusions given? Y/N/UNK COVID-19 details 

resp_failure_tx Treatments for respiratory failure Custom COVID-19 details 

sepsis_pressors Pressors for sepsis or HoTN? Y/N/UNK COVID-19 details 

severity_of_covid_19 
 

Custom COVID-19 details 

steroid_specific Steroid dosing Custom COVID-19 details 

symptoms 
 

SNOMED-CT COVID-19 details 

timing_of_report Real-time or retrospective? Custom COVID-19 details 

worst_complications_severity Retrospective worst complications Custom COVID-19 details 

worst_status_clinical Retrospective worst clinical status Custom COVID-19 details 

age Age in decade intervals Custom Demographics 

age_exact Age in years Integer Demographics 

bcg_vax History of BCG vaccine? Y/N/UNK Demographics 

city city of healthcare delivery NA (free text) Demographics 

country_of_patient_residen  Custom Demographics 

ethnicity 
 

PHIN VADS Demographics 

facility 
 

NA (free text) Demographics 

gender Sex or gender of patient Custom Demographics 

hcw health care worker Y/N/UNK Demographics 

race 
 

PHIN VADS Demographics 

state_of_patient_residence  Direct coding (US abbreviations) Demographics 

berlin_fu Berlin criteria if ARDS Direct coding + UNK Follow-up details 

berlin_yn_fu Berlin criteria collected? Y/N/UNK Follow-up details 

c19_addl_treatment 
 

Y/N/UNK Follow-up details 

c19_anticoag_reason_fu Purpose of anticoagulation Custom Follow-up details 

c19_anticoag_type_fu Type of anticoagulant used ATC Follow-up details 

c19_aspirin_dose_fu 
 

SNOMED-CT Follow-up details 

c19_bleeding_fu 
 

SNOMED-CT-modified Follow-up details 

c19_complications_card_fu  SNOMED-CT Follow-up details 

c19_complications_gi_fu 
 

SNOMED-CT Follow-up details 

c19_complications_other_fu  SNOMED-CT Follow-up details 

c19_complications_pulm_fu  SNOMED-CT Follow-up details 

c19_complications_systemic_fu  SNOMED-CT Follow-up details 

cancer_tx_fu Was treatment modified due to COVID-
19? 

Y/N/UNK Follow-up details 
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Variable Name Description Value Set or Terminology Category 

complications_severity_fu  Custom Follow-up details 

covid_19_status_fu 
 

Custom Follow-up details 

covid_19_treatment_fu 
 

ATC/HemOnc/OMOP/RxNorm Follow-up details 

covid_19_treatment_trial_fu  Y/N/UNK Follow-up details 

covid_19_trial_tx_fu 
 

ATC/HemOnc/OMOP/RxNorm Follow-up details 

covid_19_tx_interleukin_fu  ATC Follow-up details 

covid_19_tx_tnf_fu 
 

ATC Follow-up details 

current_status_clinical_fu  Custom Follow-up details 

current_status_fu 
 

Custom Follow-up details 

days_to_death_fu 
 

Integer Follow-up details 

fu_weeks 
 

Numeric, weeks Follow-up details 

hosp_los_fu 
 

Integer, days Follow-up details 

hosp_los_fu_2 
 

Integer, days Follow-up details 

hosp_status_fu 
 

Y/N/UNK Follow-up details 

hotn_pressors_fu 
 

Y/N/UNK Follow-up details 

icu_los_fu 
 

Integer, days Follow-up details 

o2_requirement_fu 
 

Y/N/UNK Follow-up details 

resp_failure_tx_fu 
 

Custom Follow-up details 

steroid_specific_fu Steroid dosing Custom Follow-up details 

timing_of_report_weeks 
 

Numeric, weeks Follow-up details 

aec absolute eosinophil count Numeric, per uL Laboratory values 

aec_range absolute eosinophil count LO/WNL/HI/UNK Laboratory values 

alc absolute lymphocyte count Numeric, per uL Laboratory values 

alc_range absolute lymphocyte count LO/WNL/HI/UNK Laboratory values 

alt Alanine aminotransferase NL/ABNL/UNK Laboratory values 

alt_numeric Alanine aminotransferase Numeric, units/L Laboratory values 

anc absolute neutrophil count Numeric, per uL Laboratory values 

anc_range absolute neutrophil count LO/WNL/HI/UNK Laboratory values 

aptt activated partial thromboplastin time NL/ABNL/UNK Laboratory values 

aptt_numeric activated partial thromboplastin time Numeric, s Laboratory values 

ast Aspartate aminotransferase NL/ABNL/UNK Laboratory values 

ast_numeric Aspartate aminotransferase Numeric, units/L Laboratory values 

bnp Brain natriuretic peptide NL/ABNL/UNK Laboratory values 

bnp_numeric Brain natriuretic peptide Numeric, pg/mL Laboratory values 

creat Serum creatinine NL/ABNL/UNK Laboratory values 

creat_numeric Serum creatinine Numeric, mg/dL Laboratory values 

crp C-reactive protein NL/ABNL/UNK Laboratory values 

crp_numeric C-reactive protein Numeric, specify units Laboratory values 
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Variable Name Description Value Set or Terminology Category 

ddimer D-Dimer NL/ABNL/UNK Laboratory values 

ddimer_numeric D-Dimer Numeric, specify units Laboratory values 

fibrinogen 
 

NL/ABNL/UNK Laboratory values 

fibrinogen_numeric 
 

Numeric, mg/dL Laboratory values 

hgb hemoglobin Numeric, g/dL Laboratory values 

hgb_range hemoglobin LO/WNL/HI/UNK Laboratory values 

hs_trop high-sensitivity troponin NL/ABNL/UNK Laboratory values 

hs_trop_numeric high-sensitivity troponin Numeric, pg/mL Laboratory values 

il6 Interleukin-6 level NL/ABNL/UNK Laboratory values 

il6_numeric Interleukin-6 level Numeric, pg/mL Laboratory values 

ldh lactate dehydrogenase NL/ABNL/UNK Laboratory values 

ldh_numeric lactate dehydrogenase Numeric, specify units Laboratory values 

other_lab 
 

NL/ABNL/UNK Laboratory values 

plt Platelet count Numeric, per 10^3/uL Laboratory values 

plt_range Platelet count LO/WNL/HI/UNK Laboratory values 

pt prothrombin time NL/ABNL/UNK Laboratory values 

pt_numeric prothrombin time Numeric, s Laboratory values 

tbili total bilirubin NL/ABNL/UNK Laboratory values 

tbili_numeric total bilirubin N/A (free text) Laboratory values 

tni tropnonin I NL/ABNL/UNK Laboratory values 

tni_numeric tropnonin I Numeric, ng/mL Laboratory values 

wbc_numeric White blood cell count Numeric, per 10^9/L Laboratory values 

wbc_range White blood cell count LO/WNL/HI/UNK Laboratory values 

ccc19 Participating site of CCC19? Y/N Metadata 

ccc19_institution Identifier of CCC19 site Integer Metadata 

patient_id CCC19 institution non-PHI ID Integer Metadata 

record_id Automatic numbering Integer Metadata 

practice_setting 
 

Custom Respondent details 

role primary managing hematologist or 

oncologist? 

Y/N Respondent details 

role_2 expand if role = N Custom Respondent details 
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Supplementary Table S2: Derived variables. In order to conduct the analysis, transformations were necessary to 

create derived variables. Raw variable names are shown in italics and are described in Supplementary Table S1. 

Rules are applied in order. 

 
Derived variable name Description 

Age 1. If age_exact exists, keep 

2. If age_exact does not exist and age equals “Older than 90” → 90 

3. If age_exact does not exist and age equals “18-29”, “30-39”, “40-49”, “50-59”, “60-
69”, “70-79”, or “80-89” → take the midpoint of the age interval as the age 

Sex 1. If gender equals female, keep 

2. If gender equals male, keep 
3. If gender equals other or prefer not to say → unknown 

Race/ethnicity 1. If race has white checked AND ethnicity equals NOT Hispanic or Latino OR 

unknown/not reported → White non-Hispanic 
2. If race has black or African American checked AND ethnicity equals NOT Hispanic or 

Latino OR unknown/not reported → Black non-Hispanic 

3. Any other race choice is assigned → Other/Unknown 
4. If ethnicity equals Hispanic or Latino → Hispanic 

Region of patient residence 1. If state_of_patient_residence equals ME, NH, VT, MA, RI, CT, PA, NY, or NJ → US-

Northeast 
2. If state_of_patient_residence equals WI, MI, IL, IN, OH, MO, ND, SD, NE, KS, MN, 

or IA → US-Midwest 

3. If state_of_patient_residence equals DE, MD, DC, VA, WV, NC, SC, GA, FL, TN, 
KY, MS, AL, OK, TX, LA, or AR → US-South 

4. If state_of_patient_residence equals ID, MT, WY, NV, UT, CO, AZ, NM, AK, WA, 

OR, CA, or HI → US-West 
5. If country_of_patient_residence equals Canada, keep 

6. If country_of_patient_residence equals Spain, keep 

7. If country_of_patient_residence equals any other except US, exclude 

Smoking status 1. If smoking_status equals never smoker, keep 

2. If smoking_status equals current smoker, keep 

3. If smoking_status equals unknown, keep 
4. If smoking_status equals “former smoker, NOS” OR “former smoker, quit less than 1 

year ago” OR “former smoker, quit between 1 and 5 years ago” OR “former smoker, 

quit between 6 and 10 years ago” OR “former smoker, quit more than 10 years ago” → 
former smoker 

Obesity 1. If significant_comorbidities has obesity OR morbid obesity checked → Obese 

2. If significant_comorbidities does not have either obesity or morbid obesity checked 
AND has at least one other choice checked → Not specified 

3. If significant_comorbidities does not have any choices checked → Missing 

No. of comorbidities Direct variable (no transformation) 

Type of malignancy 
 

Note: these values are coded according to the 

NCI thesaurus. 

1. If cancer_type equals “C8851”, “C3209”, “C9244”, “C3167”, “C3163”, “C9308”, 
“C4341”, “C3211”, “C9357”, “C4337”, “C2912”, “C8504”, “C27908”, “C3247”, 

“C3171”, “C4345”, “C3106”, “C3174”, “C3242”, “C4665”, “C3819”, “C9300”, or 

“C27134” AND cancer_type_2 does not have data → hematologic malignancy 
2. If cancer_type does NOT equal “C8851”, “C3209”, “C9244”, “C3167”, “C3163”, 

“C9308”, “C4341”, “C3211”, “C9357”, “C4337”, “C2912”, “C8504”, “C27908”, 

“C3247”, “C3171”, “C4345”, “C3106”, “C3174”, “C3242”, “C4665”, “C3819”, 
“C9300”, or “C27134” AND cancer_type_2 does not have data → solid tumor 

3. If cancer_type equals “OTH” AND cancer_type_2 does not have data AND free text 

description cancer_type_oth is not sufficient to assign to hematologic or solid tumor → 
unknown 

4. If cancer_type_2 has any data → multiple 

Cancer status 1. If cancer_status equals “remission/NED”, keep 

2. If cancer_status equals “active disease, responding to treatment” OR “active disease, 

stable” → present, stable or responding to treatment 

3. If cancer_status equals “active disease, progressing”, keep 
4. If cancer_status equals “unknown”, keep 

ECOG performance status 1. If ecog_status equals 0 or 1 → 0/1 

2. If ecog_status equals 2, keep 
3. If ecog_status equals 3 or 4 → 3/4 

4. If ecog_status equals unknown, keep 

Type of anti-cancer therapy 1. If on_treatment equals No → None 
2. If on_treatment equals Yes AND recent_treatment equals “within the month to 3 

months prior to COVID-19 diagnosis” OR “more than 3 months prior to COVID-19 

diagnosis” → None 
3. If treatment_modality has “Immunotherapy”, “Targeted therapy”, “Endocrine therapy”, 

“Radiotherapy”, “Transplant/Cellular therapy”, “Intravesicular therapy (e.g., BCG)” or 
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“Other” checked AND recent_treatment equals “less than 2 weeks prior to COVID-19 

diagnosis” OR “within 2 to 4 weeks prior to COVID-19 diagnosis” → Non-cytotoxic 

4. If treatment_modality has “Cytotoxic chemotherapy” checked AND recent_treatment 

equals “less than 2 weeks prior to COVID-19 diagnosis” OR “within 2 to 4 weeks prior 
to COVID-19 diagnosis” → Cytotoxic 

5. If on_treatment equals unknown OR recent_treatment equals unknown → Unknown 

6. If on_treatment equals Yes AND recent_treatment does not have data → Unknown 

Recent surgery 1. If recent_treatment equals “less than 2 weeks prior to COVID-19 diagnosis” OR 

“within 2 to 4 weeks prior to COVID-19 diagnosis” AND treatment_modality has 

surgery checked → Yes 
2. If recent_surgery equals Yes AND surgery_timing equals “within the past month” → 

Yes 

3. If recent_treatment equals “within the month to 3 months prior to COVID-19 
diagnosis” OR “more than 3 months prior to COVID-19 diagnosis” AND 

treatment_modality has surgery checked → No 

4. If recent_surgery equals Yes AND surgery_timing equals “within the past month” → 
No 

5. If recent_surgery equals No, keep 

6. If recent_treatment equals “unknown” AND treatment_modality has surgery checked 

→ unknown 

7. If recent_surgery equals Unknown, keep 

Treatment of COVID-19 1. If covid_19_treatment OR covid_19_trial_tx OR covid_19_treatment_fu OR 
covid_19_trial_tx_fu has hydroxychloroquine checked AND azithromycin unchecked 

→ hydroxychloroquine alone 

2. If covid_19_treatment OR covid_19_trial_tx OR covid_19_treatment_fu OR 
covid_19_trial_tx_fu has hydroxychloroquine unchecked AND azithromycin checked 

→ azithromycin alone 

3. If covid_19_treatment OR covid_19_trial_tx OR covid_19_treatment_fu OR 
covid_19_trial_tx_fu has hydroxychloroquine checked AND azithromycin checked → 

both 

4. If covid_19_treatment OR covid_19_trial_tx OR covid_19_treatment_fu OR 
covid_19_trial_tx_fu has hydroxychloroquine unchecked AND azithromycin 

unchecked AND unknown unchecked → neither 

5. If covid_19_treatment OR covid_19_trial_tx OR covid_19_treatment_fu OR 
covid_19_trial_tx_fu has hydroxychloroquine unchecked AND azithromycin 

unchecked AND unknown checked → unknown 

6. If these fields have no options checked → Missing 

Death (binary outcome variable) 

 

Note: for the primary outcome analysis, 
timestamp metadata is combined with 

covid_19_dx_interval to determine whether 

the death occurred within a 30-day window 

1. If current_status_retro equals “Died” or current_status_v2 equals “Died” or 

current_status equals “None – patient is deceased” → Yes 

2. If current_status_retro NOT equals “Died” AND current_status_v2 NOT equals 
“Died” AND current_status NOT equals “None – patient is deceased” → No 

3. If covid_19_status_fu equals “Died” or current_status_fu equals “None – patient is 

deceased” or fu_reason equals “Death” → Yes 
4. If none of the above are met → Unknown 

ICU admission (binary outcome variable) 1. If hosp_status OR hosp_status_fu equals “Yes – admitted to floor and then transferred 

to the ICU” or “Yes – admitted directly to the ICU” → Yes 
2. If current_status OR current_status_fu equals “ICU – new admit” or “ICU – 

continued” → Yes 

3. If worst_status_clinical OR current_status_clinical OR current_status_clinical_fu 
equals “Critical (ICU) – Severely ill, not requiring ventilator support” or “Critical 

(ICU) – Severely ill, intubated” → Yes 

Mechanical ventilation (binary outcome 

variable) 

1. If resp_failure_tx equals “Intubation” → Yes 
2. If worst_status_clinical OR current_status_clinical OR current_status_clinical_fu 

equals “Critical (ICU) – Severely ill, intubated” → Yes 

Hospitalization (binary outcome variable) 1. If hosp_status OR hosp_status_fu equals “Yes – admitted to floor for the duration of 

the illness”, “Yes – admitted to floor and then transferred to the ICU”, or “Yes – 
admitted directly to the ICU” → Yes 

2. If current_status OR current_status_fu equals “Hospitalized (non-ICU) – new admit”, 

“Hospitalized (non-ICU) – continued”, “ICU – new admit”, or “ICU – continued” → 
Yes 

3. If worst_status_clinical OR current_status_clinical OR current_status_clinical_fu 

equals “Inpatient – Moderately ill”, “Inpatient – Severely ill”, “Critical (ICU) – 
Severely ill, not requiring ventilator support”, or “Critical (ICU) – Severely ill, 

intubated” → Yes 
4. If c19_anticoag_reason OR c19_anticoag_reason_fu has “For DIC during 

hospitalization” checked → Yes 

Supplemental oxygen (binary outcome 

variable) 

1. If o2_requirement OR o2_requirement_c19 OR o2_requirement_fu equals Yes → Yes 

2. If resp_failure_tx or resp_failure_tx_fu has data → Yes 

Composite severe outcome (binary 

outcome variable) 

1. If Death equals Yes → Yes 

2. If ICU admission equals Yes → Yes 
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3. If Mechanical ventilation equals Yes → Yes 

4. If worst_status_clinical OR current_status_clinical OR current_status_clinical_fu 

equals “Inpatient – Severely ill” → Yes 
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Supplementary Table S3: Baseline characteristics and outcomes of cases not reported as laboratory-

confirmed 

 
 Cases, n (%) 

Total 84 (100) 

Age – yr   

Median (IQR) 67 (59-76) 

Range 18-90 

Sex  

Female 41 (49) 

Male 43 (51) 

Race/ethnicity – no. (%)  

Non-Hispanic white 47 (56) 

Non-Hispanic black 8 (10) 

Hispanic 20 (24) 

Other 6 (7) 

Missing 3 (4) 

Region of patient residence – no. (%) 

US-Northeast 40 (48) 

US-Midwest 7 (8) 

US-South 24 (29) 

US-West 9 (11) 

Canada 2 (2) 

Spain 2 (2) 

Smoking status – no. (%)  

Never smoked 31 (37) 

Current smoker 4 (5) 

Former smoker 39 (46) 

Unknown 6 (7) 

Missing 4 (5) 

Obesity – no. (%)  

Not specified 70 (83) 

Obese 8 (10) 

Missing 6 (7) 

No. of comorbidities – no. (%) 

0 9 (11) 

1 18 (21) 

2 21 (25) 

3 14 (17) 

4+ 11 (13) 

Unknown 6 (7) 

Missing 5 (6) 

Type of malignancy – no. (%) 

Solid tumors 59 (70) 

Hematologic malignancies 18 (21) 

Multiple cancers 7 (8) 

Cancer status - no. (%)  

Remission/No evidence of disease (NED) 29 (35) 

Present, stable or responding to treatment 30 (36) 

Present, progressive disease 14 (17) 

Unknown 4 (5) 

Missing 7 (8) 

ECOG performance-status score - no. (%)  

0/1 48 (57) 

2 7 (8) 

3/4 6 (7) 

Unknown 20 (24) 

Missing 3 (4) 

Type of active cancer therapy - no. (%) 

None in the 4 weeks prior to COVID-19 
diagnosis 

44 (52) 

Non-cytotoxic therapy 24 (29) 

Cytotoxic systemic therapy 14 (17) 

Unknown 2 (2) 

Recent surgery - no. (%)  
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 Cases, n (%) 

None in the 4 weeks prior to COVID-19 
diagnosis 

69 (82) 

Yes 2 (2) 

Unknown 8 (10) 

Missing 5 (6) 

Treatment of COVID-19 - no. (%)  

Hydroxychloroquine 4 (5) 

Azithromycin 9 (11) 

Both 8 (10) 

Neither 47 (56) 

Unknown 8 (10) 

Missing 8 (10) 

Outcomes – no. (%)  

Deaths 13 (15) 

Composite outcome 25 (30) 

ICU admission 14 (17) 

Intubated 11 (13) 

Hospitalized 34 (40) 

Required supplemental oxygen 34 (40) 
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Supplementary Table S4: C-statistics for multivariable logistic regression models. 

 
Model C-statistic (95% CI) 

Base (age, sex, smoking status, obesity) 0·73 (0·69-0·78) 

Base + race/ethnicity 0·74 (0·7-0·79) 

Base + region of patient residence 0·76 (0·72-0·8) 

Base + no· of comorbidities 0·75 (0·71-0·8) 

Base + type of malignancy 0·74 (0·69-0·78) 

Base + cancer status 0·78 (0·74-0·82) 

Base + ECOG performance status 0·77 (0·73-0·82) 

Base + active therapy 0·74 (0·69-0·78) 

Base + surgery 0·74 (0·69-0·78) 

Base + COVID-19 treatment 0·77 (0·73-0·81) 

Average 0·75 (0·71-0·80) 
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Supplementary Table S5: Variance inflation factors. 

 
Variable VIF 

Age 1·03 

Male sex 1·04 

Former smoker 1·17 

Current smoker 1·08 

Smoking status unknown 1·08 

Obese 1·03 

Non-Hispanic Black 1·11 

Hispanic 1·11 

Other race and ethnicity 1·08 

US-Midwest region 1·17 

US-South region 1·15 

US-West region 1·16 

Canada region 1·07 

Spain region 1·14 

One comorbidity 4·40 

Two comorbidities 7·86 

Three comorbidities 5·77 

Four comorbidities 7·30 

Unknown comorbidities 2·19 

Hematologic malignancy tumor type 1·08 

Multiple tumor types 1·07 

Cancer status: present, not progressing 1·32 

Cancer status: present, progressing 1·36 

Cancer status: other or unknown 1·16 

ECOG performance status 2 1·16 

ECOG performance status 3/4 1·16 

ECOG performance status unknown 1·14 

Active cytotoxic therapy 1·15 

Active noncytotoxic therapy 1·09 

Active therapy unknown 1·02 

Surgery within 4 weeks of COVID-19 diagnosis 1·00 

Recent surgery unknown 1·02 

Hydroxychloroquine alone 1·15 

Azithromycin alone 1·14 

Hydroxychloroquine plus azithromycin 1·25 

Anti-COVID-19 treatment unknown 1·08 
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Supplementary Table S6: Elastic net regularized logistic regression analysis results.  

Variable selection results using elastic net regularization with the mixing parameter of 0.5 for multivariable logistic 

regression model of prognostic factors associated with 30-day all-cause mortality. AOR: adjusted odds ratio. 

 
Characteristic Multivariable AOR (95% CI) 

Age1 1.83 (1.49-2.25) 

Sex  

  Female Reference 

  Male 1.82 (1.16-2.86) 

Smoking status 

  Never smoked/Current smoker/Unknown Reference 

  Former smoker 1.77 (1.14-2.73) 

Cancer status 

  Remission/NED Reference 

  Present, stable or responding to treatment / Other 1.59 (0.98-2.60) 

  Present, progressive disease 4.33 (2.27-8.27) 

ECOG performance-status score 

  0/1 Reference 

  2 4.03 (2.18-7.48) 

  3/4 5.89 (2.82-12.30) 

  Unknown 1.44 (0.81-2.55) 

Treatment of COVID-19 

  Neither Reference 

  Hydroxychloroquine/Azithromycin/Unknown 1.73 (1.01-2.98) 

  Both 3.87 (2.30-6.49) 

 
1Age 90+ transformed into exact age of 90 for modeling purposes. Reported risks are per decade. 

  



 

 27 

Supplementary Table S7: Characteristics of patients dying with and without ICU admission. 

 
 Deaths with ICU admission, n (%) Deaths without ICU admission, n (%) 

Total 50/121 (41) 71/121 (59) 

Age   

< 65 11/25 (44) 14/25 (56) 

65-75 12/26 (46) 14/26 (54) 

75+ 27/70 (39) 43/70 (61) 

Region   

Spain 0/10 (0) 10/10 (100) 

Non-Spain 50/111 (45) 61/111 (55) 

Cancer status1   

Remission/No evidence of disease 21/39 (54) 18/39 (46) 

Present, stable or responding to treatment 16/41 (39) 25/41 (61) 

Present, progressive disease 7/25 (28) 18/25 (72) 

Unknown 6/11 (55) 5/11 (45) 

Treatment intent2   

Curative 6/11 (55) 5/11 (45) 

Palliative 15/46 (33) 31/46 (67) 
1Deaths add up to 116 due to missing data on n=5 patients for this variable 
2Deaths add up to 57 due to n=60 patients being on treatment, and n=3 patients with unknown treatment intent 

  



 

 28 

Supplementary Table S8: Secondary outcomes of hospitalization and oxygen supplementation. 
 Total, n Hospitalized, n (%) Ever needed supplemental oxygen, n (%) 

Total 928 466 (50) 405 (44) 

Age    

< 65 412 153 (37) 129 (31) 

65-75 237 125 (53) 108 (46) 

75+ 279 188 (67) 168 (60) 

Sex1    

Female 459 209 (46) 185 (40) 

Male 468 257 (55) 220 (47) 

Race/ethnicity    

Non-Hispanic white 460 222 (48) 209 (45) 

Non-Hispanic black 148 87 (59) 72 (49) 

Hispanic 150 69 (46) 59 (39) 

Other/unknown 128 73 (57) 54 (42) 

Missing 42 15 (36) 11 (26) 

Region of patient residence    

US-Northeast 375 205 (55) 179 (48) 

US-Midwest 203 97 (48) 97 (48) 

US-South 117 61 (52) 47 (40) 

US-West 116 37 (32) 34 (29) 

Canada 49 34 (69) 21 (43) 

Spain 68 32 (47) 27 (40) 

Smoking status    

Never smoked 469 205 (44) 174 (37) 

Former smoker 326 201 (62) 182 (56) 

Current smoker 43 25 (58) 19 (44) 

Unknown 57 26 (46) 21 (37) 

Missing 33 9 (27) 9 (27) 

Obesity    

Not specified 720 367 (51) 309 (43) 

Obese 172 85 (49) 87 (51) 

Missing 36 14 (39) 9 (25) 

No. of comorbidities    

0 132 28 (21) 25 (19) 

1 202 77 (38) 57 (28) 

2 231 133 (58) 123 (53) 

3 117 70 (60) 55 (47) 

4+ 192 137 (71) 122 (64) 

Unknown 23 13 (57) 13 (57) 

Missing 31 8 (26) 10 (32) 

Type of malignancy    

Solid tumors 654 301 (46) 261 (40) 

Hematologic malignancies 167 104 (62) 89 (53) 

Multiple cancers3 107 61 (57) 55 (51) 

Cancer status    

Remission/no evidence of disease (NED) 422 207 (49) 180 (43) 

Present, stable or responding to treatment 294 149 (51) 133 (45) 

Present, progressive disease 102 62 (61) 49 (48) 

Unknown 59 26 (44) 23 (39) 

Missing 51 22 (43) 20 (39) 

ECOG performance status    

0/1 614 281 (46) 238 (39) 

2 72 52 (72) 42 (58) 

3/4 46 32 (70) 30 (65) 

Unknown 167 94 (56) 87 (52) 

Missing 29 7 (24) 8 (28) 

Type of anti-cancer therapy    

None in the 4 weeks prior to COVID-19 
diagnosis 

553 290 (52) 254 (46) 

Non-cytotoxic therapy 206 94 (46) 86 (42) 

Cytotoxic systemic therapy 160 81 (51) 63 (39) 

Unknown 9 1 (11) 2 (22) 

Recent surgery    

None in the 4 weeks prior to COVID-19 
diagnosis 

811 411 (51) 359 (44) 
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 Total, n Hospitalized, n (%) Ever needed supplemental oxygen, n (%) 

Yes 32 19 (59) 15 (47) 

Unknown 42 23 (55) 20 (48) 

Missing 43 13 (30) 11 (26) 

Treatment of COVID-19    

Hydroxychloroquine alone 89 78 (88) 71 (80) 

Azithromycin alone 93 53 (57) 50 (54) 

Both 181 148 (82) 141 (78) 

Neither 486 158 (33) 116 (24) 

Unknown 22 9 (41) 8 (36) 

Missing 57 4 (7) 4 (7) 
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Supplementary Table S9: Post-hoc logistic regression analysis of composite outcome. Bivariable and 

multivariable regression models of prognostic factors associated with a composite of severe illness (death, severe 

illness requiring hospitalization, intensive care unit admission, and/or mechanical ventilation). Goodness of fit for 

the fully adjusted model: C-statistic=0·80; 95% CI, 0·77-0·83. 

 
 Composite/Total1, No. (%) Bivariable OR (95% CI) Multivariable pAOR (95% CI) 

Age2 242/928 (26) 1·6 (1·42-1·81) 1·99 (1·48-2·68) 

Sex    

Female 101/459 (22) Reference Reference 

Male 141/468 (30) 1·53 (1·14-2·06) 1·23 (0·86-1·76) 

Race    

Non-Hispanic White 126/460 (27) Reference Reference 

Non-Hispanic Black 42/148 (28) 1·02 (0·68-1·54) 1·03 (0·63-1·68) 

Hispanic 32/150 (21) 0·71 (0·46-1·11) 0·86 (0·5-1·49) 

Other/Unknown 37/128 (29) 1·08 (0·7-1·67) 1·78 (1·01-3·15) 

Region of patient residence3    

US-Northeast 107/375 (29) Reference Reference 

US-Midwest 55/203 (27) 0·93 (0·64-1·36) 0·83 (0·51-1·34) 

US-South 30/117 (26) 0·86 (0·54-1·38) 0·87 (0·49-1·53) 

US-West 27/116 (23) 0·76 (0·47-1·23) 1·02 (0·56-1·88) 

Canada 11/49 (22) 0·73 (0·36-1·47) 0·25 (0·1-0·64) 

Spain 12/68 (18) 0·54 (0·28-1·04) 0·45 (0·2-1·04) 

Smoking status    

Never smoked 99/469 (21) Reference Reference 

Former smoker 116/326 (36) 2·02 (1·47-2·77) 1·41 (0·97-2·07) 

Current smoker 8/43 (19) 0·86 (0·39-1·92) 0·56 (0·22-1·44) 

Unknown  15/57 (26) 1·28 (0·68-2·41) 1·15 (0·55-2·43) 

Obesity    

Not specified 190/720 (26) Reference Reference 

Obese 49/172 (28) 1·12 (0·77-1·62) 1·26 (0·8-1·97) 

No. of comorbidities4    

Zero 12/132 (9) Reference Reference 

One 31/202 (15) 1·82 (0·9-3·69) 1·1 (0·49-2·44) 

Two 79/231 (34) 5·05 (2·64-9·68) 2·95 (1·39-6·23) 

Three 37/117 (32) 4·7 (2·32-9·51) 1·8 (0·79-4·12) 

Four+ 71/192 (37) 5·79 (2·99-11·21) 2·49 (1·14-5·48) 

Unknown 8/23 (35) 5·24 (1·85-14·86) 3·12 (0·94-10·32) 

Type of malignancy    

Solid tumor 151/654 (23) Reference Reference 

Hematologic malignancy 58/167 (35) 1·77 (1·23-2·56) 2·02 (1·27-3·21) 
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 Composite/Total1, No. (%) Bivariable OR (95% CI) Multivariable pAOR (95% CI) 

Multiple cancers 33/107 (31) 1·49 (0·95-2·33) 1·08 (0·64-1·83) 

Cancer status    

Remission/NED 95/422 (23) Reference Reference 

Present, stable or responding to 
treatment 

80/294 (27) 1·26 (0·89-1·77) 1·38 (0·86-2·21) 

Present, progressing on treatment 36/102 (35) 1·8 (1·13-2·87) 2·41 (1·32-4·38) 

Unknown 23/59 (39) 2·07 (1·17-3·68) 2·97 (1·48-5·97) 

ECOG performance status    

0/1 135/614 (22) Reference Reference 

2 31/72 (43) 2·69 (1·62-4·46) 1·94 (1·07-3·51) 

3/4 22/46 (48) 3·3 (1·8-6·08) 2·48 (1·21-5·09) 

Unknown 51/167 (31) 1·57 (1·08-2·3) 1·11 (0·7-1·78) 

Type of anti-cancer therapy5    

None in the 4 weeks prior to COVID-

19 diagnosis 
156/553 (28) Reference Reference 

Non-cytotoxic therapy 50/206 (24) 0·82 (0·56-1·18) 0·76 (0·48-1·21) 

Cytotoxic systemic therapy 35/160 (22) 0·71 (0·47-1·08) 0·72 (0·42-1·24) 

Unknown 1/9 (11) 0·32 (0·04-2·56) 0·54 (0·06-5·32) 

Recent surgery6    

None in the 4 weeks prior to COVID-
19 diagnosis 

212/811 (26) Reference Reference 

Yes 12/32 (38) 1·67 (0·8-3·51) 1·85 (0·8-4·31) 

Unknown 14/42 (33) 1·39 (0·72-2·69) 1·07 (0·47-2·44) 

Treatment of COVID-19    

Hydroxychloroquine alone 32/89 (36) 2·73 (1·66-4·48) 2·06 (1·18-3·6) 

Azithromycin alone 26/93 (28) 1·98 (1·18-3·3) 2·08 (1·16-3·75) 

Both 86/181 (48) 4·44 (3·03-6·5) 6·06 (3·78-9·71) 

Neither 80/486 (16) Reference Reference 

Unknown 8/22 (36) 2·78 (1·12-6·89) 1·93 (0·71-5·23) 

1Total may not add to 100% for all characteristics, due to missingness. 
2Age 90+ transformed into exact age of 90 for modeling purposes. Reported risks are per decade. 
3US regions are census-tract defined. 
4Defined as comorbidities (other than cancer) that require active treatment. 
5Defined as receipt of therapy within 4 weeks of COVID-19 diagnosis. 
6Includes any surgery, including cancer-specific surgeries, performed within 4 weeks of COVID-19 diagnosis. 

 


